INTRODUCTION
============

Roughage has a significant importance in ruminant feeding in both nutrition physiology and enterprise economy \[[@b1-ajas-31-8-1252]\]. Alfalfa (*Medicago sativa*) is one of the most important forage plants given to livestock as hay. However, a significant amount of nutrient loss occurs due to the mechanical treatments during drying and storage process \[[@b1-ajas-31-8-1252]\]. Recently, especially in regions with copious amount of precipitation, where there is not enough opportunity to dry late harvested alfalfa, it is usually processed as silage. Alfalfa as green forage for silage is classified as difficult to silage due to its high protein level and buffer capacity and its low water-soluble carbohydrate (WSC) ingredients. Therefore, it becomes compulsory to use additives in order to silage forage such as alfalfa \[[@b2-ajas-31-8-1252]\].

Due to their being effective in inhibiting development and killing microorganisms, antibiotics are used as additives in silage processing \[[@b2-ajas-31-8-1252]\]. However, the prohibiton of antibiotics to be used as additives has increased interest in natural products from aromatic plants and products of these plants to be used in food, animal nutrition. Although the microbial effect of plant extracts is recognized, there is limited research about these plants to be used as silage additive \[[@b3-ajas-31-8-1252],[@b4-ajas-31-8-1252],[@b5-ajas-31-8-1252]\].

The aim of this study is to determine the effects of cumin essential oil as an additive on the fermentation quality, aerobic stability, *in vitro* metabolic energy components and relative feed value.

MATERIALS AND METHODS
=====================

Experimental treatments and silage preparation
----------------------------------------------

Alfalfa was withered for three hours after harvest at the beginning of blooming period in October (5th cutting). After withering process, it was chopped in the silage cutter at approximately 1.5 to 2.0 cm length, and cumin essential oil was added. The research was carried out at three groups which were the control group where no additive CON was done, CMN3 with 300 mg/kg and CMN5 with 500 mg/kg cumin essential oil addition. Cumin essential oil (*Cuminum cyminum L.*) used in this research was obtained from Ege Lokman Plant Botanic Firm. The components of essential oil obtained through water vapor distillation are given in [Table 1](#t1-ajas-31-8-1252){ref-type="table"}.

The level of cumin essential oil was determined according to previous studies. For every group, 6 kg withered alfalfa was spread on the ground separately and was sprayed with uniform cumin essential oil (300 mg/kg and 500 mg/kg). Approximately 2 kg of sample was put into plastic bags and air was vacuumed out of the bags. These bags were covered 8 to 10 times with stretch wrap and finally were sealed with adhesive tape. Nine packages were prepared in total as triplicate of silage for each group and were kept in a closed storage (8°C±2°C) for 120 for fermentation.

Physical analysis
-----------------

At the end of ensilage period silages were spread on a flat surface and were observed by three different observers for colour, odour, and structure. Physical evaluation was carried out through the average of scores given by the three observers. Flieg's Score was calculated through the determination of dry matter (DM) and pH values of silages \[[@b2-ajas-31-8-1252]\].
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Chemical analysis
-----------------

The gas chromatography-mass spectrometry analyses of the cumin essential oil were performed at the Ege University Center R&D and Pharmacokinetic Applications-Environmental & Food Analysis Laboratories-Food Control Laboratory (Bornova, Izmir, Turkey).

pH value was measured via a digital pH meter, lactic acid (LA) was measured through LA spectrophotometric method \[[@b6-ajas-31-8-1252]\]. Buffer capacity (Bc) in fresh material was determined according to Playne and McDonald \[[@b7-ajas-31-8-1252]\]. NH3-N and WSC of silages were stated through methods revealed in Anonymous \[[@b8-ajas-31-8-1252]\]. Seven-days aerobic stability test was carried out on samples developed by Ashbell et al \[[@b9-ajas-31-8-1252]\].

The DM content was determineted after being oven dried at 60°C for 72 h. The dried samples were ground through a 1 mm screen for chemical analysis. The DM was determined by drying the samples at 105°C for 16 h. Organic matter (OM), crude protein (CP), and ether extract (EE) contents of feed samples were determined by AOAC \[[@b10-ajas-31-8-1252]\].

Fibre that forms the cell walls of forages and is not dissolved in neutral detergent fiber (NDF), not dissolved in acid detergent fiber (ADF) and contents of lignin not dissolved in acid detergent were determined according to methods stated by Van Soest et al \[[@b11-ajas-31-8-1252]\]. Hemicellulose and cellulose were determined through calculation \[[@b11-ajas-31-8-1252]\]. Enzimatic solubility of organic matter (ESOM) was determined with the procedure reported by Nauman and Bassler \[[@b12-ajas-31-8-1252]\]. In the technique, pre-treatment with pepsin-hydrochloric acid solution, followed treatment by cellulase (Onozuka R 10 from *Trichoderma viride*, Merck, Darmstadt, Germany) .

Microbiologic analysis
----------------------

For microbial enumeration 9 replicete used for each trial groups. This purpose, lactic acid bacteria (LAB), yeast and mould were determined according to Seale et al \[[@b13-ajas-31-8-1252]\]. In the enumeration of LAB, plates of Rogosa agar (Oxoid CM627) were used and the yeast was on spread plate malt extract agar acidified with LA to pH 4.0. The plates were incubated for 3 days at 30°C. The LAB, mould and yeast numbers of the silages were converted into logarithmic colony form unit (cfu/g).

Metabolizable energy and relative forage value estimating
---------------------------------------------------------

*In vitro* metabolizable energy (ME) contents in silages were calculated through the use of crude nutrition components (CNC), NDF, ADF, acid detergent lignin (ADL), and ESOM determined as a result of chemical analysis according to the equation given below:

i.  $$\text{ME}_{\text{ESOM}}\,(\text{MJ}/\text{kg DM}) = 0.54 + 0.001987\,\text{CP}^{*} + 0.01537\,\text{ESOM}^{*} + 0.000706\,\text{EE}^{*} \times \text{EE}^{*} - 0.00001262\,\text{ESOM}^{*} \times \text{CA}^{*} - 0.00003517\,\text{ESOM}^{*} \times \text{CP}^{*}$$

    \*(CP, EE, CA g/kg; ESOM in g/kg DM)

ii. $$\text{ME}_{\text{CNC}}\,(\text{kcal}/\text{kg OM}) = 3.260 + (0.455 \times \text{CP}^{*} + 3.517 \times \text{EE}^{*}) - 4.037 \times \text{CF}^{*}$$

    (\* in OM g/kg)

iii. $$\text{ME}_{\text{NDF}}\,(\text{kcal}/\text{kg DM}) = 3381.9 - 19.98 \times \text{NDF}^{*}$$

iv. $$\text{ME}_{\text{ADF}}\,(\text{MJ}/\text{kg DM}) = 14.70 - 0.150 \times \text{ADF}^{*}$$

v.  $$\text{ME}_{\text{ADL}}\,(\text{kcal}/\text{kg DM}) = 2,764.4 - 102.73 \times \text{ADL}^{*}$$

    \* NDF, ADF, and ADL in %, ME contents were translated into kilocalories.

Equations developed by Van Dyke and Anderson \[[@b18-ajas-31-8-1252]\] and given below were used in the determination of relative forage value. Firstly digestible dry matter (DDM), secondly dry matter intake (DMI) was estimated and finally relative feed value (RFV) was predicted.
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Statistical analyses
--------------------

All data were analyzed using the general linear model procedure of SPSS ver.15 (SPSS Inc., Chicago, IL, USA). Differences among treatments were compared with Duncan's test \[[@b19-ajas-31-8-1252]\].

RESULTS
=======

The silage in CON, CMN3, and CNM5 groups was brown-green in colour, slightly acidic and pleasantly aromatic in odour, stem and leaf unity was not deteriorated; whereas according to physical evaluation in all silages the quality level was found to be satisfactory with 13 points as given in [Table 2](#t2-ajas-31-8-1252){ref-type="table"}. According to Flieg's score evaluations, it was determined that the quality level of groups with cumin essential oil addition were better in comparison to control group.

Chemical composition of wilting alfalfa and after ensiled alfalfa is given in [Table 3](#t3-ajas-31-8-1252){ref-type="table"}. Cumin essential oil addition prevented protein fractionation (proteolysis), especially in CNM3 group wherer CP amount was found to be 24.52% (p\<0.05). In this period, also the determination of NH~3~-N being 14.50 g/kg TN (p\<0.05) at the lowest level supports this condition. Adding CNM3 into the silages decreased crude fiber (CF), NDF, ADF, and ADL levels compared to CON (p\<0.05), but CNM5 increased CF and ADF levels compared to CON (p\< 0.05).

The addition of cumin essential oil had no affect on dry matter ([Table 4](#t4-ajas-31-8-1252){ref-type="table"}). pH level of silages decreased significantly in comparison to the control group (p\<0.05). While cumin essential oil was found effective in the prevention of weitgh loss (WL), it was determined that WL at CMN3 and CMN5 groups was 1.46%, 1.33%, and 1.25% (p\<0.05) respectively. However, LA levels in both groups increased compared to CON group (p\<0.05) especially in CMN5, NH~3~-N levels in treatment groups decreased (p\<0.05).

The day silage was uncovered (0 day), the number of enterobacter was found out to be 1.01 log~10~ cfu/g at the CON group, whereas it was too low to be determined in CMN3 and CMN5 groups (p\<0.05). The level of mould was determined as 2.49 log~10~ cfu/g on the control group, while none were found in the treatment groups ([Table 5](#t5-ajas-31-8-1252){ref-type="table"}). Cumin essential oil increased number of LAB according to the dose used (p\<0.05) and decreased the number of yeast (p\<0.05), however it did not completely prevent their development.

The results of the aerobic exposure test are given in [Table 5](#t5-ajas-31-8-1252){ref-type="table"}. It was observed at the during of aerobic period (3, 5, and 7 day) that there was an significant decreased amount of CO~2~, number of yeast and mould in treatments compared to CON (p\<0.05). It was found out that the addition of cumin essential oil prevented aerobic decomposition.

Adding cumin essential oil into the alfalfa silage increased ESOM amount ([Table 6](#t6-ajas-31-8-1252){ref-type="table"}). The ME content all in groups calculated with the ESOM amounts were found to be higher than the CON group (p\<0.05). The increase of ME contents determined through calculations with different regression equations, revealed that addition of cumin essential oil (expected CMN5, ME~ADF~) affects the energy contents of silages positively.

The beginning material of silage, DDM, DMI, and RFV are given in [Table 7](#t7-ajas-31-8-1252){ref-type="table"}. DDM values of alfalfa silages were determined as between 68.50% and 71.89%. The level of DDM calculated through ADF contents ([Table 3](#t3-ajas-31-8-1252){ref-type="table"}) of silages in CMN3 group increased with the decrease of ADF content, while decreased with the increase of ADF contents in CMN5 group. DMI was found out to be 3.62, 4.26, and 3.84 in CON, CMN3, and CMN5 respectively, and it was determined that DMI was higher in groups with cumin essential oil addition (p\<0.05).

DISCUSSION
==========

There are many ways that can used to improve the microbial flora during the ensiling process of alfalfa. In addition the carbohydrate resources \[[@b1-ajas-31-8-1252]\] are used to increase the carbohydrate level through various inoculants or antimicrobial additives \[[@b20-ajas-31-8-1252]\]. In recent years, consumer organizations suggest the use of natural products instead of chemical additives at livestock enterprises to improve feed quality and safety. Although physical scoring was above the findings of Çiftçi et al \[[@b1-ajas-31-8-1252]\], and the Flieg's score was lower than that of Çiftçi et al \[[@b1-ajas-31-8-1252]\].

Addition of oregano and cinnamon essential oils to field peas decreased the protein fractionation significantly after 60 day ensilage process \[[@b5-ajas-31-8-1252]\]. In another study, addition of cinnamon leaf extract to barley silage at different quantities caused an increase at CP amount \[[@b3-ajas-31-8-1252]\]. These results were found to be similar to the oregano and cinnamon essential oil of Soycan-Önenç et al \[[@b5-ajas-31-8-1252]\], as well as to cinnamon extract of Chaves et al \[[@b3-ajas-31-8-1252]\].

In this research, crude ash (CA) level at three groups was found to be higher than the determined amount at alfalfa silages in the researches of Lindgren et al \[[@b21-ajas-31-8-1252]\]. Results obtained from studies revealing the crude ash content level at inoculant added silages \[[@b21-ajas-31-8-1252]\] indicate that inoculant addition does not provide a significant decrease in the amount of CA. The reason for different CA levels determined in silages is that products for silage include inorganic matter (soil, etc.) at different levels \[[@b22-ajas-31-8-1252]\]. In this research, it is estimated that due to the control group being prepared last, it is possible that it includes more soil etc. and therefore it includes more crude ash content compared to cumin essential oil added groups. In this case, it is possible that the difference among OM value in groups is caused by crude ash content.

The addition of cumin essential oil was not effective on DM, and revealed no similarity with the findings of Soycan-Önenç et al \[[@b5-ajas-31-8-1252]\]. While the findings of this study carried out through the addition of cumin essential oil, which has antimicrobial effect as in antibiotics, revealed pH level of 4.37 at CMN5 group similar to the findings of Kung et al \[[@b20-ajas-31-8-1252]\], the pH levels of all the other groups were lower than the findings of Bolsen et al \[[@b23-ajas-31-8-1252]\]. On the other hand, Soycan-Önenç et al \[[@b5-ajas-31-8-1252]\] determined the pH level to be 4.4 and 4.47 on the 60th day through the addition of oregano and cinnamon essential oil to field peas. Cumin essential oil used in this study includes 44.47% cuminaldehyde, 12.12% carvacrol, and 8.82% paracymen as basic components. Cuminaldehyde and carvacrol have a selective antimicrobial effect \[[@b24-ajas-31-8-1252]\], which decreased the number of detrimental microorganisms (yeast and mould), and increased the number of beneficial microorganisms (LAB). This situation explains the low pH levels determined at CMN3 and CMN5 groups. A low pH level in silages opens the epicyte fractions by increasing acid hydrolysis of hemicellulose \[[@b22-ajas-31-8-1252]\]. Sucrose is liberated during enzymatic cell wall hydrolysis and provides an additional substrate that LAB can use to produce LA.

While high level LA production causes pH level to decrease to 4.0, it also limits proteolytic activity \[[@b21-ajas-31-8-1252]\]. It is possible that the decrease of contents in NDF, ADF, and ADL is due to the effect of pH. Thus, the increase of ESOM in the same group also supports this situation. Besides, in the same group, the highest LAB level and correspondingly high LA level and low WSC level, as well as high level of CP and low amount of NH~3~-N support articles of Nadeau et al \[[@b25-ajas-31-8-1252]\]. Soycan-Önenç et al \[[@b5-ajas-31-8-1252]\] determined that LA content decreased in field peas silages opened on the 60th day after the addition of oregano, cinnamon, and oregano+cinnamon essential oils. However, in this study it was determined that there was an increase in LA contents. While oregano and cinnamon essential oils reveal a decreasing effect on LA amount through inhibiting LAB, cumin essential oil caused increase in LA amount by promoting LAB activity. The increase of LAB amount and the decrease in WSC in CMN3 and CMN5 groups also support this idea. WL decreased in groups with cumin essential oil, and the lowest level of WL was in CMN5. Thus, it can be interpreted that microorganisms which find sufficient amount of WSC in the environment develop better and provide high quality silage and decrease WL \[[@b26-ajas-31-8-1252]\]. The addition of cumin essential oil to alfalfa silages promoted LAB production, and this effect became more evident depending on the increase of essential oil. *Enterobacteria*, *Clostridia*, *Listeria* and mould development in bunker and their metabolic activities greatly endangers silage hygiene \[[@b27-ajas-31-8-1252]\]. While at the end of ensilage process, the level of enterobacter was found to be 1.01 log~10~ cfu/g and the level of mould was determined as 2.49 log~10~ cfu/g on the CON group, these organisms were not found in the treatment group. These findings can be associated with the effect of cumin essential oil on *Enterobacteria* and mould. Another opinion is that due to *Listeria* and *Enterobacteria* being more susceptible to acidity compared to *Clostridia* spores, when the bunker has an acidic environment, development of *Listeria* and *Enterobacteria* can be supressed at the beginning of fermentation \[[@b22-ajas-31-8-1252]\].

Thus, cumin essential oil increased number of LAB according to the dose used. LAB transformed WSC to LA, and pH decreased depending on the increasing amount of LA. Development of enterobacter and mould was prevented at low level pH. The addition of cumin essential oil to alfalfa silage decreased the number of yeast, however could not stop some development. Since there is no possibility of air entering the environment of silage during fermentation, it is thought that the yeast population determined in silages is the one present at the beginning material (wilting alfalfa).

Before being exposed to aerobic conditions, it is stated that population of yeast and mould, as well as WSC are positively related to LA and LAB \[[@b27-ajas-31-8-1252]\]. The addition of cumin essential oil into alfalfa silage increased the aerobic stability. However, WSC contents being very high provide a resource for the development of yeast and mould. Therefore, cumin essential oil could not suppress the development of yeast and mould sufficiently. WSC contents were affected by withering. There are studies carried out to determine that the aerobic decomposition of silages increase according to their exposure to aerobic conditions \[[@b28-ajas-31-8-1252]\].

The use of formic acid based preservative (FAB) in a research carried out by Filya et al \[[@b29-ajas-31-8-1252]\], increased the degradability of DM and OM of corn silages. The antimicrobial property of FAB prevented the development of *enterobacteria* and *clostridia* spores, particularly yeast and mould, and this caused DM and OM degradability of silages to increase. Cumin essential oil used in this research revealed a similar effect with formic acid, thus increased the amount of OM dissolved in the enzyme significantly in comparison with the CON group (p\<0.05).

The quality of forage is usually determined through the calculations of physical, chemical, and biological values of forages. RFV developed in the USA for alfalfa and other forages, is used widely to measure the feeding value of forages. In this method, for the calculation of RFV, values of NDF and ADF were used. At full bloom RFV is taken as 100 and the more this value decreases, the more the quality of forage decreases, while the increase of RFV shows that the quality of forage is increasing. The forage quality was lower when RFV decreased below 100, and was higher when RFV increased \[[@b30-ajas-31-8-1252]\]. In this study, RFV was determined to be above 150, and revealed an increase depending on cumin essential oil addition. The decrease of cell wall components (NDF and ADL) that cause difficulties in the digestion in alfalfa silages affected the RFV positively. RFV determined in alfalfa silages, when compared to 100 points of alfalfa plant, it is approved to be a rough forage with highest quality. RFV of silages increased through the use of cumin essential oil, and the highest value was found out in CMN3 group.

IMPLICATIONS
============

Cumin essential oil used in this research improved fermentation, and affected chemical and microbiological characteristics of silages. Especially the addition of 300 mg/kg cumin provided cell wall fractionation through stimulating activities of enzymes that fractionate cell walls. It also increased the number and activity of LAB through providing a development of LAB. Correspondingly, the transformation of sugar into LA, and lactic acid present in the environment at high amount decreased the pH level, thus inhibited proteolytic enzymes that break down proteins and the transformation of proteins into ammonia decreased. In addition, it increased ESOM amount, and concordantly provided an increase of ME contents. Similarly, DMI and RFV ratio increased. After opening the silage, it kept its aerobic stability for three days.
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###### 

The chemical composition of cumin essential oil (%)

  Compouns           Value
  ------------------ -------
  Cuminaldehyde      44.47
  Carvacrol          12.12
  Para Cymen         8.82
  Safranal           6.57
  Gamma Terpinen     5.64
  Beta-pinen         4.93
  (−) Alpha Cedren   4.48
  Others             9.86
  Unknown            3.11
  Total              100

###### 

The effects of different cumin essential oil levels on silage qualities (n = 3)

  Treatments[1)](#tfn2-ajas-31-8-1252){ref-type="table-fn"}   Smell   Structure   Colours   DLG point   Quality    Flieg point   Quality
  ----------------------------------------------------------- ------- ----------- --------- ----------- ---------- ------------- -----------
  CON                                                         8.0     4.0         1.0       13          Moderate   74.67         Good
  CMN3                                                        8.0     4.0         1.0       13          Moderate   80.63         Excellent
  CMN5                                                        8.0     4.0         1.0       13          Moderate   95.21         Excellent

DLG, Deutsche Landwirtschafts-Gesellschaft.

CON, control; CMN3, cumin essential oil 300 mg/kg; CMN5, cumin essential oil 500 mg/kg.

###### 

Chemical composition of fresh alfalfa and silage ensiled for 120 days (% dry matter)

  Treatments[1)](#tfn4-ajas-31-8-1252){ref-type="table-fn"}   OM                                                         CP                                                         EE                                                         CF                                                         NFE                                                        CA                                                         NDF                                                        ADF                                                        ADL                                                       Hemicellulose                                             Cellulose
  ----------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- ----------------------------------------------------------
  WA                                                          90.28                                                      23.90                                                      2.86                                                       20.21                                                      43.31                                                      9.72                                                       38.41                                                      29.01                                                      8.82                                                      9.4                                                       20.19
  CON                                                         84.41±0.06[b](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   23.06±0.04[c](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   3.35±0.01[ab](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   20.99±0.19[b](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   35.55±0.01[c](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   15.59±0.06[a](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   33.15±0.09[a](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   26.18±0.10[b](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   9.51±0.13[a](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   6.97±0.15[a](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   16.68±0.15[b](#tfn5-ajas-31-8-1252){ref-type="table-fn"}
  CMN3                                                        89.86±0.01[a](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   24.52±0.07[a](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   3.18±0.08[b](#tfn5-ajas-31-8-1252){ref-type="table-fn"}    18.65±0.10[c](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   44.46±0.08[a](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   10.14±0.02[b](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   28.22±0.12[c](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   21.83±0.05[c](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   6.29±0.23[c](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   6.38±0.16[b](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   15.55±0.28[c](#tfn5-ajas-31-8-1252){ref-type="table-fn"}
  CMN5                                                        89.89±0.04[a](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   23.57±0.07[b](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   3.47±0.01[a](#tfn5-ajas-31-8-1252){ref-type="table-fn"}    21.71±0.02[a](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   41.65±0.05[b](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   10.11±0.04[b](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   31.22±0.12[b](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   27.48±0.22[a](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   8.62±0.23[b](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   3.74±0.10[c](#tfn5-ajas-31-8-1252){ref-type="table-fn"}   18.86±0.43[a](#tfn5-ajas-31-8-1252){ref-type="table-fn"}
  p                                                           0.001                                                      0.001                                                      0.001                                                      0.001                                                      0.001                                                      0.001                                                      0.001                                                      0.001                                                      0.001                                                     0.001                                                     0.001

OM, organic matter; CP, crude protein; EE, ether extract; CF, crude fiber; NFE, nitrogen-free extract; CA, crude ash; NDF, neutral detergent fiber; ADF, acid detergent fiber; ADL, acid detergent lignin.

WA, wilting alfalfa; CON, control; CMN3, cumin essential oil 300 mg/kg; CMN5, cumin essential oil 500 mg/kg.

Means with different letters in the same column are statistically significant (p\<0.05).

###### 

Fermentation quality of alfalfa silage ensiled for 120 days[1)](#tfn7-ajas-31-8-1252){ref-type="table-fn"}

  Treatments[2)](#tfn8-ajas-31-8-1252){ref-type="table-fn"}   DM (%)       pH                                                        WSC (g/kg DM)                                              LA (g/kg DM)                                               NH~3~-N (g/kg TN)                                          WL (%)
  ----------------------------------------------------------- ------------ --------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------- ---------------------------------------------------------
  CON                                                         32.50±0.41   4.88±0.01[a](#tfn9-ajas-31-8-1252){ref-type="table-fn"}   79.01±0.06[a](#tfn9-ajas-31-8-1252){ref-type="table-fn"}   34.82±1.43[c](#tfn9-ajas-31-8-1252){ref-type="table-fn"}   33.61±1.25[a](#tfn9-ajas-31-8-1252){ref-type="table-fn"}   1.46±0.04[a](#tfn9-ajas-31-8-1252){ref-type="table-fn"}
  CMN3                                                        33.28±0.24   4.77±0.02[b](#tfn9-ajas-31-8-1252){ref-type="table-fn"}   46.01±0.02[b](#tfn9-ajas-31-8-1252){ref-type="table-fn"}   44.57±0.29[b](#tfn9-ajas-31-8-1252){ref-type="table-fn"}   14.50±0.27[c](#tfn9-ajas-31-8-1252){ref-type="table-fn"}   1.33±0.00[b](#tfn9-ajas-31-8-1252){ref-type="table-fn"}
  CMN5                                                        32.44±0.02   4.37±0.01[c](#tfn9-ajas-31-8-1252){ref-type="table-fn"}   34.02±0.06[c](#tfn9-ajas-31-8-1252){ref-type="table-fn"}   80.49±0.57[a](#tfn9-ajas-31-8-1252){ref-type="table-fn"}   19.16±0.46[b](#tfn9-ajas-31-8-1252){ref-type="table-fn"}   1.25±0.01[c](#tfn9-ajas-31-8-1252){ref-type="table-fn"}
  p                                                           0.128        0.001                                                     0.001                                                      0.001                                                      0.001                                                      0.002

DM, dry matter; WSC, water-soluble carbohydrates; LA, lactic acid; NH~3~-N, ammonia nitrogen; WL, weight loss.

Wilted alfalfa contained 33.67% DM, 6.0 pH, 84 WSC (g/kg DM), and 720 buffer capacity (Meq NaOH kg/DM).

CON, control; CMN3, cumin essential oil 300 mg/kg; CMN5, cumin essential oil 500 mg/kg.

Means with different letters in the same column are statistically significant (p\<0.05).

###### 

Effects of cumin essential oils on overall composition of alfalfa silages after 7 days of aerobic exposure and on microbial counts

  Items   Parameters[1)](#tfn10-ajas-31-8-1252){ref-type="table-fn"}   Dry matter (%)                                              pH                                                          Enterobacter (log~10~ cfu/g)                               Lactobacilli (log cfu/g)                                    Yeast (log~10~ cfu/g)                                       Mould (log~10~ cfu/g)
  ------- ------------------------------------------------------------ ----------------------------------------------------------- ----------------------------------------------------------- ---------------------------------------------------------- ----------------------------------------------------------- ----------------------------------------------------------- -----------------------------------------------------------
  0 day   CON                                                          32.50±0.41                                                  4.88±0.01[a](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    1.01±0.48[a](#tfn11-ajas-31-8-1252){ref-type="table-fn"}   3.51±0.02[c](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    4.86±0.02[a](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    2.49±0.15[a](#tfn11-ajas-31-8-1252){ref-type="table-fn"}
          CMN3                                                         33.28±0.24                                                  4.77±0.02[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    0                                                          6.18±0.03[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    3.43±0.03[c](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    0.00±0.00[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}
          CMN5                                                         32.44±0.02                                                  4.37±0.01[c](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    0                                                          7.31±0.01[a](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    3.76±0.14[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    0.00±0.00[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}
          p                                                            0.128                                                       0.001                                                       0.001                                                      0.001                                                       0.001                                                       0.001
                                                                                                                                                                                                                                                          **CO~2~(g/kg DM)**                                                                                                      
  3 day   CON                                                          32.76±0.08                                                  5.55±0.08[a](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    0                                                          11.44±0.06[a](#tfn11-ajas-31-8-1252){ref-type="table-fn"}   7.27±0.13[a](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    5.26±0.02[a](#tfn11-ajas-31-8-1252){ref-type="table-fn"}
          CMN3                                                         33.60±0.05                                                  5.08±0.34[ab](#tfn11-ajas-31-8-1252){ref-type="table-fn"}   0                                                          5.76±0.06[c](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    6.85±0.02[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    3.54±0.08[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}
          CMN5                                                         32.60±0.84                                                  4.88±0.01[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    0                                                          7.88±0.06[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    7.03±0.17[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    3.25±0.05[c](#tfn11-ajas-31-8-1252){ref-type="table-fn"}
          p                                                            0.357                                                       0.001                                                       \-                                                         0.001                                                       0.092                                                       0.001
  5 day   CON                                                          32.59±0.03[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}   5.59±0.09[a](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    0                                                          14.52±0.06[a](#tfn11-ajas-31-8-1252){ref-type="table-fn"}   9.12±0.04[a](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    8.77±0.06[a](#tfn11-ajas-31-8-1252){ref-type="table-fn"}
          CMN3                                                         33.60±0.17[a](#tfn11-ajas-31-8-1252){ref-type="table-fn"}   5.41±0.01[ab](#tfn11-ajas-31-8-1252){ref-type="table-fn"}   0                                                          8.46±0.06[c](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    8.87±0.02[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    6.76±0.06[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}
          CMN5                                                         32.19±0.20[c](#tfn11-ajas-31-8-1252){ref-type="table-fn"}   5.20±0.08[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    0                                                          11.86±0.07[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}   8.17±0.03[c](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    6.33±0.04[c](#tfn11-ajas-31-8-1252){ref-type="table-fn"}
          p                                                            0.001                                                       0.011                                                       \-                                                         0.001                                                       0.001                                                       0.001
  7 day   CON                                                          32.84±0.01                                                  8.79±0.01[a](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    0                                                          15.01±0.06[a](#tfn11-ajas-31-8-1252){ref-type="table-fn"}   10.60±0.05[a](#tfn11-ajas-31-8-1252){ref-type="table-fn"}   10.20±0.03[a](#tfn11-ajas-31-8-1252){ref-type="table-fn"}
          CMN3                                                         33.18±0.24                                                  7.57±0.04[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    0                                                          12.34±0.25[c](#tfn11-ajas-31-8-1252){ref-type="table-fn"}   9.29±0.03[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    8.12±0.03[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}
          CMN5                                                         32.65±0.12                                                  7.04±0.02[c](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    0                                                          13.54±0.25[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}   9.45±0.08[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}    8.06±0.01[b](#tfn11-ajas-31-8-1252){ref-type="table-fn"}
          p                                                            0.125                                                       0.001                                                       \-                                                         0.001                                                       0.001                                                       0.001

CON, control; CMN3, cumin essential oil 300 mg/kg; CMN5, cumin essential oil 500 mg/kg.

Means with different letters in the same column are statistically significant (p\<0.05).

###### 

ESOM and ME contents of alfalfa silages (kcal/kg DM)

  Treatments[1)](#tfn13-ajas-31-8-1252){ref-type="table-fn"}   ESOM (% DM)                                                 ME~ESOM~                                                    ME~OM~                                                      ME~NDF~                                                     ME~ADF~[\*](#tfn15-ajas-31-8-1252){ref-type="table-fn"}     ME~ADL~
  ------------------------------------------------------------ ----------------------------------------------------------- ----------------------------------------------------------- ----------------------------------------------------------- ----------------------------------------------------------- ----------------------------------------------------------- ------------------------------------------------------------
  CON                                                          52.29±0.24[c](#tfn14-ajas-31-8-1252){ref-type="table-fn"}   1,032±1.22[b](#tfn14-ajas-31-8-1252){ref-type="table-fn"}   2,134±6.66[c](#tfn14-ajas-31-8-1252){ref-type="table-fn"}   2,719±1.66[c](#tfn14-ajas-31-8-1252){ref-type="table-fn"}   2,573±3.28[b](#tfn14-ajas-31-8-1252){ref-type="table-fn"}   1,787±13.57[c](#tfn14-ajas-31-8-1252){ref-type="table-fn"}
  CMN3                                                         64.06±0.04[a](#tfn14-ajas-31-8-1252){ref-type="table-fn"}   1,301±6.02[a](#tfn14-ajas-31-8-1252){ref-type="table-fn"}   2,396±0.88[a](#tfn14-ajas-31-8-1252){ref-type="table-fn"}   2,818±2.40[a](#tfn14-ajas-31-8-1252){ref-type="table-fn"}   2,729±2.08[a](#tfn14-ajas-31-8-1252){ref-type="table-fn"}   2,118±23.67[a](#tfn14-ajas-31-8-1252){ref-type="table-fn"}
  CMN5                                                         59.16±0.14[b](#tfn14-ajas-31-8-1252){ref-type="table-fn"}   1,288±4.73[a](#tfn14-ajas-31-8-1252){ref-type="table-fn"}   2,286±7.06[b](#tfn14-ajas-31-8-1252){ref-type="table-fn"}   2,758±2.40[b](#tfn14-ajas-31-8-1252){ref-type="table-fn"}   2,527±7.94[c](#tfn14-ajas-31-8-1252){ref-type="table-fn"}   1,878±23.13[b](#tfn14-ajas-31-8-1252){ref-type="table-fn"}
  p                                                            0.001                                                       0.001                                                       0.001                                                       0.001                                                       0.001                                                       0.001

ESOM, enzyme soluble organic matter; ME, metabolizable energy; DM, dry matter; OM, organic matter; NDF, neutral detergent fiber; ADF, acid detergent fiber; ADL, acid detergent lignin.

CON, control; CMN3, cumin essential oil 300 mg/kg; CMN5, cumin essential oil 500 mg/kg.

Means with different letters in the same column are statistically significant (p\<0.01).

ME contents were translated into kilocalories.

###### 

Dry matter digestibility, dry matter intake and relative feed value of alfalfa silages

  Treatments[1)](#tfn17-ajas-31-8-1252){ref-type="table-fn"}   DDM (%)                                                     DMI (%)                                                    RFV
  ------------------------------------------------------------ ----------------------------------------------------------- ---------------------------------------------------------- ------------------------------------------------------------
  WA                                                           66.3                                                        3.12                                                       160.31
  CON                                                          68.50±0.07[b](#tfn18-ajas-31-8-1252){ref-type="table-fn"}   3.62±0.01[c](#tfn18-ajas-31-8-1252){ref-type="table-fn"}   192.17±0.52[c](#tfn18-ajas-31-8-1252){ref-type="table-fn"}
  CMN3                                                         71.89±0.04[a](#tfn18-ajas-31-8-1252){ref-type="table-fn"}   4.26±0.02[a](#tfn18-ajas-31-8-1252){ref-type="table-fn"}   236.93±0.87[a](#tfn18-ajas-31-8-1252){ref-type="table-fn"}
  CMN5                                                         67.50±0.17[c](#tfn18-ajas-31-8-1252){ref-type="table-fn"}   3.84±0.02[b](#tfn18-ajas-31-8-1252){ref-type="table-fn"}   201.08±1.30[b](#tfn18-ajas-31-8-1252){ref-type="table-fn"}
  p                                                            0.001                                                       0.001                                                      0.001

DDM, digestible dry matter; DMI, dry matter intake; RFV, relative feed value.

WA, wilting alfalfa; CON, control; CMN3, cumin essential oil 300 mg/kg; CMN5, cumin essential oil 500 mg/kg.

Means with different letters in the same column are statistically significant (p\<0.01).
